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HYDRA23DB DERIVATIVES AS PROSTAGLANDIN RECEPTORS MODULATORS 

5 jftdd of the invention 

The present invention is directed to hydrazide derivatives, in particular for use as 
medicaments, as well as pharmaceutical formulations containing such hydrazide derivatives. 
Said hydrazide derivatives are useful in the treatment aod/or prevention or asthma, 
hypertension, osteoporosis, sexual dysfunction, renal dysfimction (acute and chronic), 

10 immune deficiency disorder or disease, elevated intra-ocular pressure such as associated 
with glaucoma, ulcere, inflammatory disorders, fertility disorders and other diseases and 
disorders associated with the prostaglandin and receptors thereof. Preferably, the hydrazide 
derivatives display a modulatory, notably an agonist activity on the prostaglandin receptors, 
particularly prostaglandin E receptors. More preferably, said compounds arc useful in the 

15 treatment and/or prevention or disease states mediaied by prostaglandin BP2 and/or EP4 
receptors, including asthma, fertility, osteoporosis, inflammatory and sexual disorders. 

BackHTOund of the invention . . 

Prostaglandins (PGs) which belong to the prostanoids family are known to have 
diverse biological activities such as contraction and relaxation of smooth muscle, inhibition 
20 and enhancement of neurotransmitter release, inflamma tion, including pain and hone 
metabolism (Coleman et at 1989, EP1 114816). 

In particular, Prostaglandin B2 (PGE2) which is the mtuxaHy^ccurring agonist of EP 
receptor, was found to have various roles in ovulation and fertilization, in the control of 
blood pressure, febrile responses, regulation of bicarbonate secretion induced by acid- 
25 stimulation in the duodenum, bone resolution, smooth muscle contraction regulation, TNF 
down-regulation and inhibition of microglial JLrVZ secretion (JUshikubi et aL 2000; 
Miyaura. et al, 2001. Nippon Yakurigahi Zassfd. 117(4): 293-7; Benoit et aL, 2002 and 
Levi et al., 1998 Biochimie 80(1 1):899-904). 

m • 

30 The EP Tec ep tor has been, farther classified into four different receptor subtypes: 

EP1, EP2, EP3, and EP4 (Coleman et al 1994). 

Knock-out mice lacking each sub-type of the EP receptor gave evidence of the 
different roles played by these receptors (Ush&ubi et aL. 2000) in various mechanisms. The 
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BP receptor is for example involved in mechanisms such as ovulation (BP2), blood pressure 
control (EP2), closure of ductus wteriosus (EP4), bone resorption (EP4) (Miyaura el aL. 

2001) , erectile dysfunction (EP4) and anu-inflanunatory activity (EP4) (Takayama et al.. 

2002) . 

Renal Prostaglandin E2 (PGE2) is crocial for normal renal function by dilating die 
glomerular microcirculation and vasa recta, applying the renal medulla and modulating salt 

and water transport in the distal tube. 

The administration of oral PGE2 was associated with sustained loss of viral 

in 47% of chronic hepatitis B patients (flyman et ah. 1999). 



10 



As prostaglandin E2 (PGE2) is a 
selective effects on one of the sub-types 

m 

endogenous prostaglandins* * 



•> ; I » i » 



is 



Several prostanoid receptors and modulators of mosc receptors have been reported 
different range of selectivity for the various receptor sub-types (Coleman et al 1994, 
Abramowitz et ah. 2000; Benait et ah. 2002). 



20 



25 



Recently, EP2 agonists have been developed (US 6,235,780 end WO 9933794). The 
combination of an BP2 agonist in combination of an BP4 agonist has been developed for 
osteoporosis treatment (US 20010056060). EP4 selective agonists have been developed for 
tiie treatment of bone disorders (WO 0242268 and WO 0146140). erectile dyamnction (WO 
9902164) and other prostaglandin related disorders (WO 0224647, US 20020004495, WO 
0003980). BP2 and EP4 antagonists have been also reported (fienott et aL. 2002). 

It would be desirable to develop new compounds and methods of treatment of 
diseases and disorders associated with the prostaglandin family, notably EP2 and/or BP4 
receptors sub-types. 

Summary of the invention: 



of the present invention to provide substances which arc suitable for the 
treatment and/or prevention of disorders related to prosta g la ndins . 
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It is also an object of the present invention to provide substances; which arc suitable for the 
treatment and/or prevention, of asthma. 

It is also an object of the present invention to provide substances which are suitable for the 
treatment and/or prevention of preterm labor or dysmenorrhea. 

5 It is also ah object of die present invention to provide substances which are suitable for the 
treatment and/or prevention, of osteoporosis. 

It is also an object of the present invention to provide substances which are suitable for 'die 
treatment and/or prevention of sexual dysfunction, including erectile dysfunction. 

It is also an object of the present invention to provide substances which are suitable for the 

10 treatment and/or prevention of infertility, including ovulatory disorders. 

It is also an object of foe present invention to provide substances which are suitable for the 
treatment and/or prevention of inflammatory disorders. 

* 

It is notably an object' of the present invention to provide chemical compounds which are 
able to agonize, the function of BP receptors, especially EP2 and/or KP4 receptors in disease 
15 states in mammals, especially in humans. 

It is also an object of the present invention to provide small molecule chemical compounds 
for the modulation; preferably the agonization of the prostaglandin BP receptors* especially 
EP2 and/or EP4 receptors. 

i 

It is furthermore an object of foe present invention to provide a new category of 
20 pharmaceutical formulations for foe treatment of infertility, ovulatory disorders, asthma, 
preterm labor, dysmenorrhea* osteoporosis, sexual dysfunction and/or diseases mediated by 

■ 

foe EP receptors, especially EP2 and/or EP4 receptors. 

It is finally an object of the present invention to provide a method for the treatment and/or 
25 prevention of disorders selected from pre-term labor, asthma, preterm labor, dysmenorrhea, 
osteoporosis, infertility, ovulatory disorders and erectile dysfunction. 



4 



It is finally an object of the invention to provide a process for the preparation of 
mo suitable for the treatment and/or prevention of disorders related to prostaglandins. 



s 



10 



15 



20 



25 



In a first aspect, the invention provides hydrazide derivatives of Formula h 

o 




(1) 

as well as its geometrical isomers, its optically active forms as enantiorners, diastereomers 
and mixtures of these, as well as salts thereof, wherein: 

* 

A is a divalent radical selected ftom optionally substituted C3-Cg cycloalkyl, optionally 

Uy substituted 



*1 













heterocycloalkyi, optionally substituted aryl and 

tieteroaryi;, 

B is a divalent radical optionally substituted Cj-Ce alkylene, o; 
C6 alkcnylcac, and optionally substituted CrCe olkynylene; 
R l is selected fbom optionally substituted Ci-Cg alkyl, opt 



iriotiiiMtvt 



c 2 - 



Q-Qattyl, 



alkenyl* optionally substituted CrC* alkynyl, optionally substituted C 3 -C 8 cycloalkyl, 
optionally substituted heterocyoloalkyl, optionally substituted C3-Q cycloalkyl Ci-Q alkyl, 
optionally substituted aryl Ci-C« alkyl, optionally substituted heteroaryl Ci-Cg alftyi, 
optionally substituted aryl and optionally substituted heteroaryl; 

fe 4 is selected from hydrogen and optionally substituted C|-C* alkyi; 

S?issolcctcdftom 

Ci-Cg alfcenyl, optionally substituted QrQ aflcynyl, optionally substituted C x -Cq h 
optionally substituted Ci-C& heteroalkyl, optionally substituted Cs-Cg cycloalkyl. 
substituted C3-Q oycloalkyi Q-C« alkyi, optionally substituted aryl C-Q alkyl, 
substituted heteroaryl Q-C6 alkyl, optionally substituted aiyl and optionally 1 

■ 

heteroaryl; 

a is an integer selected ftom 1, 2, 3, 4, 5 and 6. 
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In a second aspect, die present invention provides hydrazide derivatives of Formula I 
for use as a medicament 

In a third aspect, the invention provides a pharmaceutical composition comprising a 
compound of Formula I, together with a phaimaceutically acceptable excipient or carrier. 

In a fourth aspect, the invention provides a use of a conqjound of Formula I for die 
preparation of a pharmaceutical composition useful for a variety of therapies, including 
alleviating, preventing and/or treating pre-term labor, cervical ripening, dysmenorrhea, 
asthma, hypertension, undefined blood clotting, preeclampsia or eclampsia, an eosinophil 

disorder, osteoporosis and other destructive bone disease or disorder, renal dysfunction 

. ■ • * • 

(acute and chronic), immune deficiency disorder or disease, dry eye, skin disorders such as 
ichthyosis, elevated infra-ocular pressure such as associated with glaucoma, ulcers, sexual 
dysfunction, including erectile dysfunction; fertility disorders, including ovulatory disorders, 
Inflammatory disorders and other diseases and disorders associated with the prostaglandin 
family of compounds and receptors thereof. 

4 

■ * 

In a fifth aspect, the invention provides a method for treating a paiienl suffering from 
pre-term labor, cervical ripening, dysmenorrhea, as thma , hypertension, undesired blood 
clotting, preeclampsia or eclampfcia, an eosinophil disorder, osteoporosis and other 
destructive bone disease or disorder, renal dysfunction (acute and chronic), immune 
deficiency disorder or disease, dry eye, skin disorders such as ichthyosis, elevated intra- 
ocular pressure such as associated with glaucoma, ulcers, sexual dysfunction, including 
erectile dysfunction, fertility disorders, including ovulatory disorders, inflammatory 
disorders. The method comprises administering a compound according to Formula 1 

In a sixth aspect, the invention provides a method for treating a disease associated 
■with prostaglandins. The method comprises administering a compound according to Formula 
1 



In a seventh aspect, the invention provides a process for preparing of a hydrazide of 
Formula I, comprising (bo step of a reductive amination of a hydrazide of Formula H with a 
compound of Formula ID in presence of a reducing agent 



wherein A, R l , R a and R 3 are as defined above; R 4 is H; R 5 is -CH2rR 6 wherein R 6 is selected 
Bom optionally substituted C,-Cs alkyt, optionally substituted Q-C* alkenyl, optionally 
substituted C2-C5 alkynyi, optionally substituted C1-C5 heteroalkyi, optionally substituted 
C1-C5 alfcyl Ci-Cs alkyl, optionally substituted aryi C1-C5 alkyl and optionally substituted 
hetetoaiy) C1-C5 alkyl. 

In a eighth aspect, the invention provides a process for preparing of a hydrazide Formula I, 
comprising the step of a reduction of a compound of Formula IV: • 





OH 



(I") 




(IV) 




7 

In a ninth, aspect, the invention provides a compound of Formula II: 




00 

as wdl as its geometrical isomers, its optically active forms as enantiomers, diastexeomers 
and mixtures of these, as well as salts thereof wherein A, K\ R* and R? are as defined 
5 above. 

In a tenth aspect, the invention provides a compound of Formula IV: . 




; (no 

as well as its geometrical isomers, its optically active forms as enantiornccs, diastctcomers 
and mixtures of these, as well as salts thereof; wherein A, R 1 , R 2 and R 3 are as defined 
16 above. 

Detailed description of the invention 

The following paragraphs provide definitions of die various chemical moieties that make up 

* 

the compounds according to die invention and are intended to apply uniformly throughout 
• 15 tire specification and claims unless an otherwise expressly set out definition provides a 
broader definition. 

* 

* • 

•SVC* -alkyl* refers to monovalent alkyl groups having 1 to 6 carbon atoms. This term is 
exemplified by groups such as methyl, ethyl, n-prapyl, isopropyi, n-butyl, isobntyl, tet-t- 
butyl, n-hexyl and the like. 



8 



"Ct-Cs -alkyl*' refers to tnonovalenl alkyl groups having I to 5 carbon atoms. Uris term, is 







I 





butyl and the like 



"CrCg-alkenyl" refers to alkeriyl groups preferably haying from 2 to 6 carbon atoms and 
5 having at least 1 or 2 sites of aBceoyl unsaturatiocL Preferable alkenyl groups include etheayl 
(-CHKH2), n-2-propcayl (aUyl, -CHaCH==CH*) and the like. 



:»*(• 



25 



"CrQ-aJkynyl" refers to aBcynyl groups preferably having from 2 to 6 carbon atoms 

■ 

having at least 1-2 sites of alkynyl unsaturation, preferred alkynyl groups include ethynyl 
OOsCH), prppargjd (-CHaOsGH), and the like. 



to "Ci-Qs alkylene" refers to a divalent "Ci-C* -alkyT and by analogy, "Ca-Cfc alkcnylcnc" 
refers to a divalent ,i C2-Q-alfceI^^^ , and alkynylene" to a divalent "Ca-^Vaftynyl", 

. 

"Ci-Cd -heteroalkyl n refers to alkyl groups having 1 to 6 carbon atoms wherein at least I 
carbon atom is replaced by an.heteroatom such as O, S or N. This term is exemplified by 

■ • 

• * 

Triedioxy* ethoxy, butoxy, anunomethyU aminoethyl, amino propyl, methyl sulfenyi, ethyl 

■ 

15 suifenyL 

"Aryl" refers to an unsaturated aromatic carbocyclic group of from 6 to 14 carbon atoms 
having a single Ting (e.g.. phenyl) or multiple condensed rings (eg; # naphthyl). Preferred aryt 

yl and the like. 



* 




tnb 







^aryl Cr-Ck-alky!" refers to CrC^alkjd groups having an aryl sobstituanr* including benzyl, 
20 phenethyl and the like. 



"Mcteroaryi" refers to a monocyclic heteroaromatic* or a bicycKc or a tricyclic fiised-ltag 
hetCT? aromatic group. Particular examples of heteroatomatic groups include optionally 

* 

substituted pyridyl, pyirolyl, furyt thienyl, thiophenyf , imidazolyl, ox&znlyl, isoxazolyU 
thiazolyU isothiazolyi, pyrazoiyi, 1,2^-triazoiyi, 1^,4-triazolyl,. 1,2,3-oxadiazolyl, 1,2,4- 
oxadia-zolyU lAS-oxaditooiyt 1A4-oxadiazolyl, 13.4-triazuiyi, I J> 2>tria2Snyl s 
benzofuryl, [2^-dihydro]bcn2»fiiryl, isobenzofuryl, benzofhienyl, benzotriazolyl, 
isobenzothienyl, indole isoindolyi, SH-indolyl, benzimidazolyl, iimdazo[i f 2- ojpyridyl, 
benznthiaTclyl, benzoxa-zolyl, quinolizinyl, quinazolinyU pthalazrny) 9 qumoxalinyl, 



rnunolyl, isoquinolyl. tetruzolyl. W^t^ydtoqumolyl, S.V.S-tetohydtoisoquinolyl. 
purinyl, pteridinyl, carbazolyl, xanrhenyl orbenzoquinolyl. 

-teteioaiyl Ci-^-alkyl" refers to C^-alkyl groups having a heteroaryl substituent, 
5 including 2-flrrytaiethyl, 2-Qucnylmethyl, 2<lH-uidol-3-yI)ethyl and the like. 

"Ca-CValkenyP refers to alkenyl groups preferably having ftom 2 to 6 carbon atoms and 
having at least 1 or 2 sites of alkenyl tmsaturation. Preferable alkenyl groups inelude ethenyl 
(-CH=CHj), n-2-propenyl (allyl, -CHzCH-CHz) and the like. 

t 

"Qt-C^-alkynyl" refers to alkynyl groups preferably having ftom 2 to 6 carbon atoms and 
to having at least 1-2 sites of alkynyl unsaturatioii, preferred alkynyl groups include efhynyl 

* 

(-OCH), propargyi (-CH 2 Cs€H), and the like. 

"Cs-C8-cycloalkyi rt refers to a saturated carbocyelic group of from 3 to 8 carbon atoms 
having a single ring t>g.. cyclohexyl) or moltipte condensed rings (e#.. norbornyl). 
Preferred cycloalkyl include cyclopentyU cyclohexyl, norbomyl and die like. 

15 "Hetcrocycloalkyi" refers to a C 3 -C«-cyclOalkyl group according to the definition above, in 
which up to 3 carbon atoms ate replaced by ieteroatoms chosen ftom the group consisting of 
O, S, NR. R being defined as hydrogen or methyl. Preferred heterocycloalkyl include 
pynxjlidine, piperidine. piperazine, lnnettiylpiperarine, morpholine, and the Kke. 



"cycloalkyl Ci-Cs-alkyF refers to Ci-Cd-alkyI 





« 


It - 


II 





the like. 



"heterocycloalkyl C-Q-alkyl" refers to Cr-Oralkyl groups having a heterocycloalkyl 
titueut, including 2^yrrolldmyl)efhyl, 4-morpholinyimethyl, G-memyM-- 
Rny!)mefliyi and the like. 



• It/Ml 



'Alkoxy" refers to the group -<ML vAere R includes ^^-alkyl" ox "aryF or "hetetd- 
25 aryT or "C.-C^lkyl aryl" or "C lr C^lkyl heteroaryl". Preferred alkoxy groups include by 
way of example, methoxy, etboxy, phenoxy and the like. 



"Halogen" refers to fluoro, ohloro, bromo and iodo atoms. 




♦ 
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"Phanneceutically acceptable salts or complexes 19 refers to salts or complexes of the below- 
specified compounds of Formula (I). Examples of such salts include, but are not restricted, 
to base addition salts formed by reaction of compounds of Formula (I) with organic or 



inorganic bases such as hydroxide, carbonate or bicarbonate of a metal cation such as those 



5 selected in the 



25 











p 








ran 


1 



kg of alkali metals , (sodium, potassium or lithium), alkaline 
earth metals (e.g. calcium or magnesium), or with an organic primary, secondary or tertiary 

aJkyi amine. Amine salts derived from methylamine, ifimethylamine, trimethylamine, 

» » 

ethyla 



Mill 



ie, diethyl amine, triethylaminc, morpholinCi N-M©-D-glucantine, "K,>T- 
bisCphenylmeth^-l^-cdim^amine, . tromefoanrme, ethanolaminc, dicthanolamine, 
ethylenediamme, N-methylmorpholine, procaine, piperidine, piperazine and the like are 
contemplated being within the scope of die instant invention. 

* 9 

Also comprised are salts which are formed from to acid addition salts formed with inorganic 
acids (eg. hydrochloric acid, hydrobromic acid, sulfuric acid* phosphoric acid, nitric acid, 
and the like), as well as salts formed with organic acids such as acetic acid, oxalic acid, 
tartaric acid, succinic acid, malic acid, fiimaric acid, maleic acid, ascorbic acid, benzoic acid, 
do acid, palmate acid, algmio acid, polyglutamic acid, naphthalene sulfonic acid, 
rphtbalene disulfbnic acid, andpoly-galactuionic acid. 



ically active derivative" refers to any compound that upon administration to the 
recipient, is capable of providing directly or indirectly, die activity disclose 



1 in i I 



The term "Enantiomeric excess" (ce) refers to the percent excess of the enantfomer over the 
racemate in a mixture of a pure enantiomer (R or S) and a racemate (RS) as defined below. 

ee«100%x(|R-SD/(RtS) = l%R-%S| 

where R represents the number of moles of R enantiomer in the sample and S 
represents the number of moles of S enantiomer in the sample, and (R - S) represents the 
Absolute Value of the difference of R and S. Compounds of die invention can be obtained in 
an "Enantiomeric excess 1 ' by a synthesis comprising an enanttoselective step or can be 
isolated by for example, crystallization or chiral HPLC. 



A particularly preferred embodiment includes compounds of the invention in an 
30 enantiomeric excess of the R enantiomer, of at least at or about 50, 70, 80 or 90%, with 
degree of preference increasing with the increasing ee of the R enantiomer. 
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In the absence of an enantiomeric synthesis, raoemio products are usually obtained that do 
however also have the inventive set out activity as EP2 and/or EP4 agonists. 



30 



The term "preterm labor" or (he term "premature labor" shall mean expulsion from the uterus 
of an infant before the normal end of gestation, or more particularly, onset of labor with 
eQaccmcnt and dilation of the cervix before the 37 th week of gestation. It may or may not be 
associated with vaginal bleeding or rapture of the memfc canes* 

The term "dysmenorrhea" shall mean painful menstruation. 



The term "caesarean delivery" shall mean incision through the abdominal and uterine walls 
fbr delivery of a foetus. 

The term "fertility condition^)" also refers to a condition, particularly infertility, of a female 

0 



mammal, especially a female patient. This condition Includes conditions where ovulation 
triggering is needed. Examples of female patients in such a condition are female undergoing 

■ 

a treatment For ovulation induction or an Assisted Technology (ART) therapy. 
The term "ovulation induction 11 (OI), refers to the stimulation of release of an oocyte 
(occasionally two or three oocytes) into the fallopian tubes of a female patient, for in vivo 
fertilisation. Ol is. used in anovulatory patients (for example, WHO group I patients 
(hypogonadotrophic hypogonadism) antf WHO group II anovulation (hypothalamio-pituitary 
dysfunction resulting in arrested or attenuated gonadal Amotion), including patients suffering 
polycystic ovarian syndrome (PCOS)]. It is usually desired to stimulate the release of a 



single oocyte, in order to avoid the risks associated with multiple pregnancies. In a typical 
ovulation induction regimen, the patient is administered PStt, an analogue of FSH or a 
molecule stimulating endogenous FSH production to stimulate follicular growth for several 
days until at least one follicle is observed (by ultrasound) with a mean diameter of 
approximately 17 mm or greater. At this stage, an ovulation trigger (hCG) is given to 
stimulate rupture of the follicle and release of an oocyte into the fallopian tube ("ovulation 
triggering"). 

The term "Assisted Reproductive Technology* 1 (ART) includes for example, in vitro 
fertilisation (IVF), an< 
mature follicles h 
combination with sperm. 



•it ••(*■:» 



ii in 



injection (ICS1). Oocytes are harv 
ind graded before being fertilized j 









• 


It »JI» 
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The resulting embryos are graded for quality, and usually 2 to 3 are selected for placement in 
the uterus (remaining embryos can be cryo-preserved for future attempts). Because of the 
many factors involved in establishing an ongoing pregnancy, many patients must hove 
oocytes placed in the uterus multiple times before success is achieved. Because of this, in 

5 contrast to Ol regimens, for ART it is desired to harvest multiple oocytes, in order to 
max i mise the chances of successful pregnancy The controlled development of multiple pre- 
ovulatory follicles by administration of otogenous agents capable of inducing follicular 
growth (such as FSH) is called controlled ovarian bypersttmulation (COH). When there are 
at least 3 follicles with a mean, diameter greater than 16 nam, ovulation is triggered (bCG 

I o bolus). Oocytes are usually recovered from preovulatory follicles, by aspiration. 

The present invention also includes the geometrical isomers, the optically active forms, 
enantiorners, diastereomers of compounds according to Formula I mixtures of these, 
racematcs and also phaimaceuti cally acceptable salts. 

15 

Preferred compounds of the invention are those according to Formula T wherein B, ft 1 , R" 2 , 

^ A K 

R , R , R and n are as defined above; A is are selected from the group comprising or 
consisting of optionally substituted aryl and optionally substituted heteroaryL 

» 

« 

Further preferred A in compounds according to Formula I is phenyl. 

. 20 Preferred R~ in compounds according to Formula lisH. 

Preferred R 3 in compounds according to Formula I are those selected from the group 
comprising or consisting of H and methyl. 

* • 

Further preferred R 3 in comp ounds according to Formula I is H . 

■ 

Preferred n in compounds according to Formula I is2. 
25 Preferred B hi compounds according to Formula I is ethylene. 

* 

Preferred R 4 in compounds according to Formula I is EL 

A particularly preferred- embodiment of the present invention is a hydrazide derivative 
according to Formula X wherein A is phenyl; B is ethylene; R* and R 4 are H; R s is selected 
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• OH 



the group comprising or consisting of H and optionally substituted C|-C 6 aftyi, 

♦ 

including pentyl and n is 2. 



Another preferred embodiment of the present Invention is hydtazide derivative according to 
Formula I wherein A is phenyl; B is ethylene; R 2 and R 4 are H; R s is aiyl C,-C< allcyl, 

* 

including substituted methyl phenyl 



According to a preferred embodiment of the invention, a hydrazide derivative of the 
invention is selected from the group consisting of: 

4{2-{ l-acetyi-2-[4<3^Morophen>^ ethyl)benzoic acid; 

4^-{l-acciyl-2-[3-hydix>xy-4^-iodophenyl)b^ hydrarino}ethyl)benzoic 



4<2-{l-acetyl-2-[4^3^nOT^ ethyQbenzoio acid; 



4^2-{l-acetyi-244^l4Vbfc^^ 



4^2^l r acetyl-2- {3-iydroxy-4-[3-(phenyiefliynyi)phcnyl] butyl}hydra2ino)ethyl]benzoic 
acid; i * ■ • 



4-PK2- {34iydroxy^[3-(trifhjoromethyl)phrayi]buiyl } -1-isobutyrylhydrazliia) 
ethyQbenzofc add; \i \ 



4-L2-C2^ {3-hydroxy^P^trifltiQrome^ 
ethyi]benzoic add; 

■ 

4-[^l-acetyU2-{3-hydro^^ phenyl)butyl}hydiazino)^ 
acid; 



4- {2-£l -ax:etyl-2-<3-cycLohe3C)d-3 ^ydroxypropyl)l^rdxazmo]eihyl }benzoic acid acid; or a 
phannaceuiically acceptable salt of any of said compounds. 












tt of the invention, a hydrazide derivative of die 
invention is selected fiom die group consisting of; 

* 

4-{2-[l-acetyl-2-(3-hydioxy octyi)hydraziao]etiiyl} benzoic acid; 
4-{241-acetyl-2~(3-hydroxy octyI>-2-methylhydrazino]ethyl}benzoic acid; 



t 
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4- {2-C i -acetyI-2- (3 -hydroxy butyi)hydrazin( 
acceptable salt f any of said compounds,- 

Compounds of Formula I maybe used as. a 



Specifically, the compounds of Formula I aic suitable for use in treating disorders such as 
premature birth, dysmenorrhea, and for Stopping labor prior to cesarean delivery; asthma, 
glaucoma, hypertension, gastric ulcers, renal dysfunction, osteoporosis and other destructive 
bone disease or disorder, immune deficiency disorders, sexual dysfunction, including erectile 



« 












H 1 M > * 1 


ft 



liiti iih 



aspect, the invention provides a use of a hydraztde derivatives compound of 
Formula I tor the treatment or prevention (including prophylactic treatment) of a disease or 
condition as disclosed herein, including premature birth, dysmenorrhea, and for stopping 
labor prior to cesarean delivery, asthma, glaucoma, hypertension, gastric ulcers, renal 

■ 

dysfunction, osteoporosis and other destructive bone disease or disorder, immune deficiency 
disorders, sexual dysfunction/ including erectile dysfunction, fertility disorders, including 
ovulatory disorders and inflammatory di^or^ers* i 

In a yet further aspect, the invention provides a use of a hydraztde derivative compound of 
Formula i for the preparation of a medicament for the treatment or prevention (including 
prophylactic treatment) of a disease or condition as disclosed herein, including premature 
birth, dysmenorrhea, and for stopping labor prior to cesarean delivery, asthma, glaucoma, 
hypertension, gastric ulcers, renal dysfunction, osteoporosis and other destructive bone 
disease or disorder, immune deficiency disorders and sexual dysfunction, including erectile 
dysfunction, fertility disorders, in 



mil 



Preferred methods of the invention including identifying and/or selecting a subject (eg* 
m a mmal, particularly human) that is susceptible to or suffering from a condition disclosed 
herein, and thereafter administering to the identified and selected subject one or more 
compounds of the invention, particularly a subject that is identified and selected as being 
susceptible to or suffering from premature birth, dysmenorrhea, and for stopping labor prior 
to cesarean delivery, asthma, glaucoma, hypertension, gastric ulcers, renal dysfunction, 
osteoporosis and other destructive bone disease or disorder, immune deficiency disorders 



15 



sexual dysfunction, including erectile dysfunction, fertility disorders, including ovulatory 
disorders and inflammatory disorders. . 

The invention also provides pharmaceutical compositions that comprise one or more 
hydrazide derivatives compounds of Formula I together with a suitable carrier for the 
5 compound(s). 



Preferably, the compounds according to Formula I alone or in a form of a pharmaceutical 

composition are suitable for the modulation of BP functions), thus specifically allowing the 

treatment and/or prevention of disorders which arc mcAtAteA by flic BP receptors. Such 

modulation preferably involves the agonisation of BP functions), notably by the agonisation 

i * • * 
10 of the BP2 and/or EP4 receptors in mammals, and in particular in humans. 



15 



Preferred prostaglandin EI 

« 

BP2 and/or EP4 receptor 
defined in Examples 14 and 16, wjrich follow. 



( it i 



Other preferred prostaglandin EP2 and or EP4 receptor agonists exhibit activity in a cAMP 
assay on cell lines over-expressing EP4 receptor, an example ti 
protocol as defined in Examples 15 and 17, which follow. 



reof is defined, in the 



( 



Other preferred methods of die invention are methods including administering compounds of 
20 Formula I to a subject susceptible to or suffering from, a disorder selected from infertility, 
fertility disorder, including female infertility and ovulatory disorders, asthma, bone diseases, 
inflammatory disorders and sexual dysfunction, including erectile dysfunction. 



The compounds of the invention may be employed alone or in combination with further 

■ 

pharmaceutical agents, e.g. with a further EP modulator/ or any other substance used such as 
£SH, LH, mixtures of these and hCG, during the ovulation induction or ART therapies. 



When employed as pharmaceuticals, the hydradde derivatives of the present invention are 
typically administered in the form of a pharmaceutical composition* Hence, pharmaceutical 
compositions comprising a compound of Formula 1 and a pharmaceutical^ acceptable 
carrier; diluent or eXcipient arc also within die scope of flic present invention. A person 



• ■ * 
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skilled in the art is aware fa whole variety of such carriers, diluents or exctpieots suitable 

« 

to formulate a pharmaceutical composition. 

The compounds of the invention, together with a conventionally employed adjuvant; carrier, 
diluent or excipient may bo formulated as pharmaceutical compositions and unit dosages 
thereof and in such form may be employed as solids, such as tablets or filled capsules, or 
liquids such as solutions, suspensions, emulsions, elixirs, or capsules filled with the same, all 
for oral use, or in the form of sterile injectable solutions for parenteral (including 
subcutaneous) use. Such pharmaceutical compositions and unit dosage forms thereof may 
comprise ingredients in conventional proportions, with or without additional active 
compounds or principles, and such unit dosage forms may contain any suitable effective 
amount of the active ingredient^ commensurate with the intended daily dosage range to be 
employed. 

When employed as pharmaceuticals, the amino derivatives of this invention are typically 
administered In die form of a pharmaceutical composition. Such compositions can be 
prepared in a manner well known in the pharmaceutical art and comprise at least one active 

« 

compound. Generally, the compounds of this invention are administered in a 

* 

pharmaceutical^ effective amount The amount of the compound actually administered will 
typically be determined by a physician, in the light of the relevant circumstances, including 
the condition to be treated, the .chosen route of administration, the actual compound 
administered, the age. wei^it, and response of the individual patient, the severity of the 
patient's symptoms, and the like. 

The pharmaceutical compositions of the invention can be administered by a variety of routes 
including oral, rectal, transdermal, subcutaneous, intravenous, intramuscular, and intranasal. 
Depending on the intended route of delivery, die compounds are preferably formulated as 
either injectable or oral compositions. The compositions for oral adbninis-tration can take die 
form of bulk liquid solutions or suspensions, or bulk powders; More commonly, however, 
die compositions are presented in unit dosage forms to facilitate accurate dosing. The term 
•"unit dosage forms'* infers to physically discrete units suitable as unitary dosages for human 
subjects and other mammals, each unit containing a predetermined quantity of active 
materia] calculated to produce the desired therapeutic effect, in association with a suitable 
pharmaceutical excipient. Typical unit dosage forms include prefiUed, premeasured 



*17 

« 

ampoules or syringes of the liquid compositions or pills, tablets, capsules r the like in the 
case of solid compositions. In such compositions, die amino compound is usually a minor 
component (item about 0.1 to about 50% by weight or preferably from about 1 to about 40% 
by weight) with die remainder being various vehicles or carriers and processing aids helpfiiL 
5 for forming the desired dosing form. 

* 

Liquid forms suitable for oral a dmini s tr ation may include a suitable aqueous or non-aqueous 

vehicle with buffets, suspending and dispensing agents, colorants, flavors and the Uk£. Solid 

* * • 

forms may include, for example, any of the following ingredients, or compounds of a similar 
nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatine; an excipient 
10 such as starch or lactose, a disintegrating agent such as alginic acid, Prima gel, or com starch; 
a lubricant such as magnesium stesrate; a glidant such as colloidal silicon dio-xide; a 
sweetening agent such as sucrose or saccharin; or a flavoring agent such as pepper-mint, 
methyl salicylate, or orange flavoring. 

Injectable compositions are typically based upon injectable sterile saline or phosphate-buf- 
15 fered saline or other injectable carriers known in the art As above mentioned, die hydrazide 

derivatives of Formula 1 in such compositions is typifcally a minor component, frequently 

* » • 

ranging between 0.05 to 10% by weight wjth the r^cnainder being the injectable carrier and 

the like, * • 

• • .* * 

# 

The components described above for orally administered or injectable compositions are 

• ■ 

20 merely representative. Further materials as well as processing techniques and the like are set 
out in Part 8 of Remington $ s Pharmaceutical Sciences, 20 th Edition, 2000, Merck Publishing 
Company, Easton, Pennsylvania. 

» 

The compounds of this invention can also be administered in sustained release forms or from 
sustained release drug delivery systems. A description of representative sustained release 
25 materials can also he found in Remington 's Pharmaceutical Sciences, 20* Edition, 2000! 
Marck Publishing Company, Easton, Pennsylvania. 

Still a further embodiment is a process for preparing of a hydroxide of Formula I, comprising 
foe step of a reductive animation of a hydrazide of Formula II with a compound of Formula 
IH in presence of a reducing agent, preferably NaCNBH 3 tnMeQHL 

30 
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Stfll a further embodiment of the invention is e process for preparing of a hydrazide of 
Formula 1. comprising the> step of a inductive animation of a hydrazide of Formula II with a 
compound of Formula m in presence of a reducing agpnt, preferably "NaCNBHa in MeOEL 

* • • 

Another embodiment of the invention is a process for preparing of a hydrazide of Formula I, 
comprising the step of a reduction of a. compound of Formula IV in presence of a hydride, 
preferably with the combination.of sodium borohydride and CeClj. 

Another embodiment of the invrotfonii? a process for preparing of a hydrazidc of Formula I, 
comprising the step of a reduction of a- compound of Formula IV. in presence of a hydride, 
preferably with the combination of sodium borohydride and CeCfe and further comprising 
the step an addition of compound of Formula V to a compound o formula D through a 
Michael addition, for example in presence ofMEt 3 in MeOEL 

* • 

Another preferred embodiment of the invention is a process for preparing of a hydrazide of 
Formula I, Bother comprising the step of saponification of the resulting compound of 
Formula 1 wherein R.' is not H, for example in presence of NaOH in MeOH/THF/water into 
a compound of Formula I wherein R 2 is H. 

Another further preferred embodiment of the invention is :a process for preparing of a 
hydride of Formula I whexem A is phenyl. 

■ 1 J - ' l * . • ! l S : * • \ 

• » 1 i # 

Another preferred embodiment of the invention provides a compound of Formula IT wherein 
A is optionally substituted aryl such as phenyl; R 1 , R 2 and R 3 are as defined above. 

t 

■ 

Another preferred embodiment of the invention provides a compound of Formula compound 
of Formula IV, whetciii A is optionally substituted firji such as phenyl; B f R 1 , R\ R 3 aadR 5 
are as defined above. 

Anomer further preferred embodiment of the invention provides a compound of Formula 
compound of Formula IV, wherein A is optionally substituted aryl such as phenyl; B is 
ethyl; R 1 , R 2 , R 3 and R 5 are as defined above. 

The hydrazide derivatives exemplified in mis invention may be prepared from readily 
available or previously described starting materials using the following general methods and 
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procedures, ft will be appreciated that where typical r preferred experimental conditions 
(ie, reaction temperatures, time, moles of reagente, solvents, etc.) are given, other 

• ■ • 

experimental . conditions can al?o be used unless, otherwise - stated. Optimum reaction 

• * ■ 

conditions may vary with the particular reactants or solvents used, but such conditions can 

* * * » 

be determined by one skilled in the art by routineoptimisBtion procedures. 

Synthesis of compounds of the invention: 

Hie novel hydrazide derivatives can be prepared from readily available starting materials 
Examples of synthetic pathways for compounds of formula I will be described below. 

Abbreviations: 

The following abbreviations refer respectively to the definitions below: 
ACN (AcetonitriLe), BSA (Bovine Serum Albumin), DCM (Dichloromethane), DMSO 
(Dimethyisulfcmde), EtOAc (Ethyl acetate), FBS (Foetal Bovine Serum), hCG (human 
Chorionic Gonadotrophs), PBS (Phosphate Buffer Saline), PGE2 (prostaglandin E2), TFA 
(Trifluoro-acelic acid), THF (Tetrahydrbfuran), rt (mom temperature). 
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Scheme 1 below. 



Scheme'!: : 
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Tert-Butyl carbazates ® was alkylated -with the appropriated alkyl halide (u) in presence of 

* 

a suitable base, such as sodium bicarbonate and treated with the appropri ate acyf chloride 
(iv) to afford the intermediate (v). The cazbazate intermediate could then be 
alkyioted/acylated with the appropriate halide derivative in the presence of a suitable base 
like NaH. Removal of the tert-butytaarbaxnate group was obtained by acidic treatment and 
the resulting hydrazide intermediate (vi) underwent a Micheal addition with the appropriate 
vinyl ketone (vii) to afford the ketone (viii). Reduction of the ketone group was carried out 
with a hydride; such as the combination of sodium borohydride and cerium (ID) chloride, to 
afford the alcohol (») in almost quantitative yield. AJkylation of the hydrazide intermediate 
(vi) could also be obtained using the general alkyl bromide Qx) to afford the intermediate 
(x). Hie free alcohol could then be obtained by treatment withTBAF or other suitable agents 
to afford the desired intermediate (rf). Saponification of the ester group using NaOH in 
methanol/TEDR/ water gave the final product (xii) in good yield. 



The enaatioseJective synthesis 
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ariv^gyes* k described «i Scheme 2 below: 
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The cnantioselective synthesis of these derivatives (wherein B is CH 2 CH 2 ) is described in 
Scheme 2 above. The commercially available butadiene monoxide was converted to allyiic 



alcohol (adv) by reacti a wilb Grignard reagent (jdii) (commercially available or obtained 
fiom bromide and Mg in ether as described in Meltzer et aL, 1993). The allylio alcohol 
interrncdiate was (hen subjected to the Sharpless epoxidation condition (Sharpless et al., 
1987} with (-)-diethyt D-tartrate to tumishthe epoxide (zv). RegtoselectiVe ring opening of 
the epoxide with Rcd-Al (Sharpless et aL, 1992) afforded the diol derivafeve (Jtvt) in good 
ykliL Selective oxidation of thi pSm^ alcohoi using TEMPO and BAlB (Piancatelli et al., 
1997) afforded the iddehyiie intennediatrf (xvii), ftaluciive anrinalion reaction between this 
aldehyde and the hydrazide intermediate (vi) using NaCNBHj in MeOH afforded the alcohol 
intermediate (six). Aflcyiation of die hydrazide intermediate (vi) could also be obtained using 
the tosylate intermediate (tviii) obtained fiom the l£-diol derivative (xvi) and para- 
toluensuLfonyl chloride. Finally; deprotection of the ester intermediate (xix) afforded the 
desired compound (xx) in good yield and excellent optical purity. 

Examples: 

Tbe invention will be illustrated by means of the following examples which axe not to be 
IS construed as limiting the scope of the invention. *■ ! 

• The compounds of die present invention may be synthesized according to the different 
synthesis pathway provided above, Th^following examples illustrate preferred methods for 
synthesizing the cxunptojrnds: according .tb formula % and for detennining. tlveir biological 
activities. • , 1 » 

20 

Example 1: 4-{2-[l-acetyl-2^>-bydrtjxybnty0Hydmjdnolethyl}benzoic acid: 




25 Jriiennediate 1.1: methyl 4<2-broixu>cihyl)bcazoatc 

To a solution of p-bromoethyl benzoic acid (4.58 g, 0.02 mol) inBCM (40 mL) and 
MeOH (20 mL) was added tiTmethylsilyldiazomethane (1 1 mL, 2.0 M in hexanes) at room 



• ( 
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10 



15 



arouse. /ike imxtw sjtoed for 2 hoias and the solvent vp* removed to 
affotdintt^iSte &100}% yifld) *s coloxfeis cril us* in the nert step wthout 

fortherpurificaHdh, . * \ 

, • • I 1 v • * 

• .* 1 • • • t --: ' 

Intermediate 13; ter*butyljHi$^^ 
carboxylate 

a solution of folerinediate 1.1 0-5 & 14.4 mmol) and t-butyi c=bazato (2.09 g, 
173 mmol) in acetonitrile (75 mL) was added sodium bu^onate (lv45 & 173 mmol) and 
catalytic amount of sodium iodide and the reaction mixture was refluxed for 18 k Thesalt 
was then filtered and the solvent was removed. The resulting solution was diluted with 
EtOAc and washed with, brine. The organic solution was dried over sodium sulfate, 
concentrated in vacuo and purified by flash chrematogcaphy using BtOAc/DCM as cluent to 
afford intermcdiata,L2 #34 ©,56% ^.^k *™ (B^Ae/DCM 12); H 
NMR(CDCb) *,i t 4S 9H). 2.82.0, ^732 Hz, 2H). 3.13 (t, J*=732 Hz,2H), 3.90 (s, 3fi), 
737 (d, J^=8.04 Hz, 2H). 7.95;(d, J=8.Q4 Hz, 2H). 



• intermediate 1.3? tert4,uiyi:2-^^^ 

a • 

hydrazine carboxylate 

To a solution of intermediate V-2 (200 mg, 0.68 mmol) in pyridine (10 mL) was 
added acetic anhydride (2.0 mL) and foennxtnrc was stirred at room temperature for 18 
hours. The pyridine was removed in vacuum and the crude was diluted with EtD Ac (50 mL) 
and was washed with 2% HCl solution (25 mL), brine and dried over sodium sulfate. The 
organic solution was then concentrated in vacuo to afford intermediate 13 (273 mg, 100 %) 
as pale yellow ofl used in the next step without farther purification. 'H.NMR (CDCfe) 5 1.45 
(S, 9H), 2.05 (a, 3H), 2.82 (m, 2H). 3.13 (m, 2H), 3.90 (s, 3H). 7.27 (<L JHS.04 Hz, 2H), 7.95 
(d,J^.04Hz.2H). { *' 1 



i. ~ 
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Intermediate 1.4: methyl 4^2<l^cetyfoydraz1no)cfo^ 

To a solution of crude huermediate 13 (273 mg, 0.81 mmol) in MeOH (2.0) was 
30 added HQ (6 .0 mL,4MHClin dioxane) and the mixture was stirred at room tempetatate for 
1 hour.. The solvent was then removed in vacuo to afford foe tMe compound (248 mg) as 







751 


•TV- 



natahaee on 06/15/2004 
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Intennedhte 1.5: mo^^ 

To a solution of intermediate 1.4 (248 mg, 1.06 mrnol) in MeOH (10 mL) was added 
diethyl amine (557 pL, 4.2 mmol) and methyl vinyl ketone (332 jiL, 4.2 mmol) and the 
reaction mixture was refluxcd for 3 hours. Hie solvent was then removed in vacuo and the 
crude was diluted with EtOAc. The organic solution was washed with brine, dried over 
sodium sulfate and concentrated to afford intermediate t.4 (300 mg) as colorless oil used in 
the next step without further purification, M/S (m/z): 307 (M+l). 



10 Intermediate 1.6: methyl 4^{2-{l4cctj4-2^ 

benzoate 5 

To a solution of crude intermediate 1.5 (300 mg, 1.06 mmol) in MeOH (6mL) and 
water (10 mL) was added CeC3i.7HjO (394 mg, 1.06 mmol) followed by NaBEU (57 mg, 
1.59 mmol) at ~45°C1 After 15 nrmntCS the solvent was removed and the crude was diluted 

« • 

15 with EtOAc. The organic solution was washed with brine, dried over sodium sulfate, 
concentrated to afford intermediate 1.6 used in the next step without further purification. 
M/S (m/z): 309 (M+l). 
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Example 1: 4-{2^i-acetyl-2r(3-hy^ acid 

Tp a solution of intermediate 1.6 (300 mg) in THF (3 mL), MeOH (3 mL) and water (I mL) was 
added KaOH (200 mg, 5 mrnol) and the resulting solution was stirred at RT for 5 hours. The solvent was 
removed in vacuo and the crude mixture was purified by KP-HPLC using ACN/H3O (0.1 % TFA) to afford 
compound 1: 'H NMR (CD,OD) 5 1.16 (4, J=*M Hz, 3H), 1.53 (m, 1H), 2.12 (c f 3D), 2.82 (m, 2H), 2.95 (m, 
2HX 3-13 (m, 2H)..3.78 (m, 2H), 3.S2 (m, 1H), 735 (d, Hz, 210. 7.95 (4 .**S.04 Hz,2H);M/S (xnfe): 

395.2 (M+l). 



Example 2: 4-{241^cetyt-2^-hydni^ add 

X r O' co,H 

HN 




i 
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w _ _ s tyl-2<3^xooc^)by&a^l<^yi}bcnzoate 

T Ia solutionpf inten^dj^ IA (2Q8 tig. 0^8 inim) inMeOH (10 mL) was added 
methylamine (488 pL, 3.52 mmol) and l-octen-3-cne (111 mg, 0.88 rnmol) and the resulting 
solution was mfluxed for 4 hours. The solvent was than removed in vacuo and the etude was 
diluted with EtOAc. The organic solution was washed with brine, dried over sodium sulfate 
and concentrated to afford intermediate 2.1 (200 mg) aa colorless oil used in the next step 
without tether purification. M/S (m/2): 363 (M+l). 



-hydroxyootyl)hydra2MK>]euiyl} 
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Intermediate 2:2: 

» • 1 • • • 

tale •' .. ti 

To a solution^ of crude Memufdurte ll <20p.mg. 0.88 mmol) in MeOH (6mL) a 
Crater (10 mL) was added 7HaO #28 mg. 1^06 mmol) followed by;*raBH4 («» * 
1 32 mmol) at -15°C. After 1 S minutes the solvent was removed and the crude was 
Wiflx EtOAc. The organic solution was washed with brine, dried over sodium sulfate, 
concentrated to afford intermediate 24 used in the next step without further purifioation. 
M/S (m/z): 364 (M+l). 

Eju«rnple2: 4-{241^ic«tyl-2rC34rydr^ 

To a solution of intermediate 22 (200 mg) inTHF (3 mL), MeOH (3 mL) and water 
(1 mL) was added NaOH (200 mg, 5 mmol) and the resulting solution was stirred at RT for 
5 hour8 . The solvent was Temoved in vacuo and the crude mixture was purified by BP- 
HPLC using ACN/HiO (0.1 % TFA) to afford compound 2. «H NMR (CDSOD) 5 0.90 (m. 
3H), 132-1.45 (m, 10H), 133 (m, 1H), 2.12 (s, 3H), 2.82 (m, 2H), 2.95 (m, 2H), 3.13 (m, 
2H), 3.60 (m 1H), 3.78 (m. 2H), 735 (d. JNi.04 Hz, 2H), 7.9S (d, ^=8.04 Hz. 2H); M/S 
25 (m/z): 3513 (M+l). 



pie 3: 4-{Hl^cetytr2^hydroxyoctyI)-2-metliy^ » dd 



CO,H 




#»•«»»« n«>Aiii/(arl K\f 



TTsPTO from the PACR Image Database on 06/l5/zuu<i 
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Intonnediate 3.1: a^^l ' *ae^-2-{^^^ 
roefoymydrerinecarboxylale 

To a solution of mtetmediate 1 .3 (800 mg, 2.38 mmol) in DMF (10 mL) was added 
sodium hydride (66 mg, 2.85 mmol) and methyl iodide (177 uL, 2.85 mmpl) and the 
resulting solution was stirred at room temperature for 2 hours. Then the DMF was removed 
in vacuo and the crude was diluted with BtOAo, washed with tame, dried over aodium 
sulfate, continued to aHbrd to afford the title eompound as oU used in the next step 
wifoout former nuxifrcation: I'll NMR (PDOl,) 8 1.45 (s. 9H), 2.05 (a, 3H), 2.82 (m, 2H), 
250 (s, 3H), 3.80. 0* 2H), 3.90 3^, 7.27 (d, >*.04 Hz, 2H). tf.95 (d, >*=8.04 Hz, 2H). 
M/S (m/z): 372 (M+tia). , . " 



,1. |l. 



• * 



iiryamLi 



Intermediate 3-& mefoyl>4&<lc^ 

To a sotation.of intermediate 3-1 (560 mg, 1 * mmol) in MeOH (2.0) was added HC1 
(6 0 mL, 4M HC1 mdtoxane) and me nuxtum was stirred at room tenmeutture for 1 hour. 
Tne solvent was removed in vacuo to afford intennedinte 32 (400 mg) as colorless ofl used 
™ the next steo without further purification. M/S (m/z): 251 (M+l). 



Intermediate 33: 



1 ilr!»< 



foyiV{2<l-«>^ 



. To a solution of 



■ mi 



• tmu 
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il) and the 

xe^umng solution was refluxed for t hour. The solvent was men removed in vacuo and foe 
crude diluted with EjDAc. The organic solution was washed with brine, dried over sodium 
solfete and concentrated to afford intermediate 3.3 as colorless oil used in the next step 
without further purification. M/S (m/z): 377.1 (M+l). 

Intermediates.* memyl 4-{2-ll-acetyl-^^^ 

To a solution of intermediate 33 m MeOH (5 mL) and water (5 mL) was added 
CCC13.7H30 (596 mg, 1.6 mmol) followed by NaBH* (93 mg, 132 rmnol) at 15"C. After 
15 minutes the solvent W as removed and the crude was diluted with EtOAc The organic 
solution was washed with brine, dried oyer sodium sulfate, concentrated to afford foe title 
compound used in the next step without further purification. M/S (m/z): 379 (M+l). 



3: 4-{2-[l-acetyl-2<3^Y()m 
To a solution of intecmediate 3.4 (200 mg) in THF (3 mL), MeOH (3 mL) and water 
(1 mL) was added NaOH (200 mg, 5 mraol) mi the resulting solution was stirred at RT for 
S hours. The solvent was removed in vacuo and the crude mixture was purified by RP- 
HPLC using ACN/HiO (0.1 % T?A) to afford intermediate 3 4 4: l H NMR (CD3OD) S 0.90 
(m. 3H), 132-1.4S (m, tOH), 2.15;(a. 3^}, 2.48 (d, 3H), 2.82 (mi 2H), Z9S (m, 2H), 3.13 (m, 
2H), 3.64 (m 1H),;7;35 (d, ^=8.04 Bz,-<2H>,.7.95 <fc ^=8-04 H?r2H); M/S (mfe): 365.3 



is 



10 Example 4: 4-{2i(l^ce^2 ? {^ydroxy^^tridtto 
hydradno)etiiyllbenzoic add . . 



« it 



r « 




Tntefmed^te^l:jjY-r^ 

To. a solution, of 3<t*i£uoroo*kj^c^y^^ acifl&J&U g. lO.mmoi) and N.O- 
dimcfliylhlrd^xyla^^drogliloiide (i } 07 ^ 11 irano}) m bsj^ was added HATH (3.8 & 
10 mmoQ and DIBA (6.99 ml, 40 mmol) and the resulting yellow solution was stirred at RT 
forovcmigjit The crude solution was thai extracted with EtOAo and wash with NaHCOj 



20 solution (5%), HCl solution (1:9 v/y) and brine, dried with 



.**>:»» 
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j « 




11(1 







rate to 



afford 



din the next step without further 



purification. I^r 0.S (EtOAc/Hexane 1:1) MS (m/fe): 248.1 (M+H), 
l HNMR(CDC33) 6 3.2 (s, 3H), 3.65 (a, 3H), 3.80 (a, 2H), 7*40-7.55 (m, 4H): 



25 



Intermediate 4.2: 1^3<trifluoioiiieuiyl)phenyl]but-3^-2^ne 

To a solution of intermediate 4.1 (1.0 g> 4 mmol) in TOT at 0°C was added vinyl 

* 

magnesium bromide (1.0 M in THF, 8 mL, 8.0 mmol) diopwise and die resulting yellow 
solution was stirred at <fC for 20 minutes. Then the reaction was quenched with 2 mL of 
saturated NH4Q solution. The crude mixture was then extracted with UtO Ac and washed 



with brine, dried with Ni&SP* cdnceniratfed W afloni 2.0 gram yellow oil as desired product 
used in flic next step wnjiout fo^erp^^*"*- & 7 (EtOAc/Hexane 1:3). 



i « 



.Intermediate 4.2: i-t3<ttmuoiometfiyl)plumylJbutr3-en-2-one 
Hie tide compound of .Example 4 was prepared from intermediate 1.4 and 
intennediate 4.2, using the procedure desoribed for Example 1. IAS (i*fe): 439.4 (M+H)» 'H 
HMR (MeOli) 8 1.45-1.60 (m. 2H). 2:20 3% 2.80S.13 (ni, 6H), 3.1.S (m, 2H), 3.9^.0 
(m, 1H), 7^0Xd; «04 ^ 2^.^7.5^ j0^4H). 7.95 (d, J^.04 Hz, 2H). 

,* • , ■ •• ■ ■ \ ■■■}■■• i t \ . . » . • 

Example 5: *I2^^ydtocy-443*trmuor^^ 
hydroriiio)etli3«Jbeiwic acid) s • / 




•t 
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fct«mediate 5.1: <«fcbitfyl 2-{2-[4<niemoxyearbonyl^^ 

hyarazmecari^yjaje.- 1 j 

To a 'solution of intennediate li (564 mg, 1.92 inmuol) in pyridine (10 ml.) was 

added propionyl chloride (168 uL, 1.92 minol) and the reaction mixture was stirred for 18 h. 
the pyridine was removed in vacuo and diluted with EtOAe, washed with brine The 
organic solution was dried over sodium sulfide, concentrate in vacuo and purified by flash 
chzpmategraphy 



□snig aexane/EtOAc (2:1) to afford foe title compound (500 mg, 74% 
yield) as orange color oil. R,0.85 (EtOAc/Hexane 1:1); l H NMR (CDOa) 8 1.04 (t, **I32 
Hz, 3H), 1-41 (a, 9H), 239 (tn, 2H), 290 (m, 4H), 3.85 (s, 3H), 657 (s. 1H) 723 (d, JHi.04 
Hz, 2H), 7-90 (d, >3.04Hz, 2H); MS(m/z) 3732 (M+Na> 



25 



iiateS.2: methyl 4-£2^1-pn^onyfoydrazino)efliyl]b6nzDate 



30 



10 



To a solution of crude intermediate 5.1 (500 mg, 1.42 mmol) in MeOH (2 mL) was 
added HC1 (6.0 mL, 4M HQ in dioxane) and the mixture was stirred at zoom temperature for 
1 hour. The solvent was then removed in vacuo to afford the title compound (450 rag) as 
colorless oil used in die next step without further purification; MS (m/z): 25 1.4 (M+l). 
Intermediate 53: methyl 4^<2-{3^xc^3<triftuoromemy^^ 
propion>4hydraziiio)ethyl]beDZoate 

* * 

To a solution of intermediate 52 (440 mg, 1.42 mmol) in ElOH (10 mL) was added 
triethyl amine (562 jiL, 4* mmol) and ratenrodiate 42 (1.0 & 4 mmol) and die reaction 
mixture was refluxed for 3 hours. The solvent was then removed in vacuo and the etude was 
diluted with EtOAa The organic solution was washed with brine, dried over sodium sulfi 
concentrated and purified by flash chromatography using EtOAC/hexane (l:i) to afford me 
title compound (232 mg, yield.35%) as colorless oil; RfQJ. (EtOAicAHexane 1:1); MS(ro/z) 
4873 (M+Na). 



is 
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Intermediate 5.4: methyl 4^2<2-{3-hydroxy^p^trifluoroi^ 
propion^ydra2ano)€ihyl]b6nzo«to 

To a solution of intermediate 53 (232 m& 0.5 mmol) in MeOH (5 rnL) and water (2 
mL) was added Cea 3 .7H 2 0 (186 mg, 5 mmol) followed by NaBH, (28 mg, 0.75 mmol) at 

0°C. After 15 minutes the solvent was removed and the crude was diluted with EtOAc. The 

« ♦ 

organic solution was washed with brine, dried over sodium sulfate, concentrated to afforiL 
the title compound (238 mg) used in the next step without further purification; MS (m/z): 
489 (M«*a)* 



as 



30 



To a solution of intermediate 5.4.(238 mg, 0.5 mmol) in THF (3 mL). MeOH (3 mL) and 
water (1 mL) was added NaOH (200 mg, 5 mmol) and the resulting solution was stirred at 
RT.forlSh. The solvent was removed in vacuo and the crude mixture was diluted in water 
and purified by KP-HPLC using ACN/H 2 0 to afford the title cOrtrpound (170 mg, 75 % 
yield) as sodium salt; M/S (m/z): 4533 (M+l), l HNMR (MeOD) 6 1.05 (t, 3H), 1.45-1.60 
(m, 2H), Z45(q, 2H), 220 (s, 3H), 2.80-3.13 (m, 6H), 3.75 (m, 2H). 3.9-4.0 (m. IB). 7.30 
(d, J=8.04 2H), 7.45-7.55 (m, 4H). 7.95 (d, J=Z.Q4 Hz, 2H). 
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hydrazino)cttiyl]bcnwic add 

O 

. — Qr™ 

7 M . 
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tc 6.Xi' f*«ftt>utyl 2-isohutyryl-: 

hydrazinccarboxylatc: 

Intermediate 6.1 was prepared from isobutyry) 
analogue to the method of intermediate 5.1. 



Example* fee title was prepared from the appropriate starting materials m a — 
analogues, to the method of Example 5; M/S (m/z): 467 (M+l); 'H NMR (MeOD) 8 0.58(0, 
3H), 0.85^ 3H), 1 .45-1.60 (m, 2H), 2J0fe mH), 2.80,2.90 ^6H). *J0 (m. IB* 3.60 
(m, 1H), 3.75 ^3^4.0 (^1^.0^^8.04 p* (m, ^ 

15 J5=8.04Hz,2H)., 



. * ♦» 



Example 7: 4-|^t^cetylr2-{3-hydrory-4-J3-<pl>enylefli 
hydrazrno)ethyllbenzoic acid 




20 



Intermediate 7.1: N-xnefcoxy-N-mdl^ 

To a mixture of (3-(phcnylcthynyi)phenyllacetic add (obtained fiom (3- 
iOdophmyDacetic acid and ethynylbenzene as described in Tetrahedron 1995; 51, 12645- 
12660) (6g, 0.0254mol), TBTU (16Jg, 0.0508mol) and DIEA (27ml, 0.152mot) m dry 
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10 



acctonitrilc under nitrogen was added N.O-Dinxj^^ydioxjdamine hyd*ochlorlde(5g, 
O.0508mol) in portions. Tbe reaction mixture was stirred at room temperature for 24h and 
then evaporated to a residue. Hie residue was diluted with ethyl acetate(400ml), washed with 
2N HC1 (250ml), 10% sodium bicaibcmate solution (250mlx2), water and trine. Tbe solvent 
was then dried and evaporated to' a reside and' the residue was purified by chromatography 

dd;Rr= 



using pet/^p^l^pai ^9: 1> asiejutet to i^Gwd (6^, 85%) the titit compound 

as <ioo % cWoiofbnbj, t '• • • ' . i £ : - : : ■ 1 ■ ' 



asa 



• > 



Ihtennedtfo'74: l^<$b^yl&jj!^^ 

Intermediate 7.2 was prepared from intermediate 7.1 and vinyhnagnesium bromide in 
a similar method described for intermediate 4.2; 0,75 (hexane/EtOAc 3:1) and used in the 
next step without further purif 



15 



20 



Example 7: 4-[2^1-arotyl-2-{3-^ 

ind)ethyTIbenzDic acid • 

■ 

The title compound was prepared using the. procedure similar to the one used for 
le 4 tefirig 



3.50 (m, 1H) ; 




8:4H241-acetyI-2-[4^1,l':biph€ayi-3-yl)^-hydnjxybutytlhydr^^ 
ethyl)benzoic acid 




25 The .title compound was prepared using the .same methodology described for 

Example 7 using 1 , IMriphenyW-ylacetic acid (commercially available from Aldrich corp.) 
and intennediate 1.4. MS (m/Ss): 447.1 (M+H), 'H NMR (DjO) 8 1.15-1.50 (in, 2H), 1.90 (s, 
3H>, 2.40-2.75 Cm, 6H), 3.20 (m, 1H), 3.50 (m, 1H), 3.68-3.80 (m, 1H), 7.00-7.40 (m, 9H), 
7.45 (tn, 2H), 7.70 (m, 2H). 



r 
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33 5. 



beiizoic acid 




The tide confound was prepared fiom 3-lmmmphenyl acetic acid in a maimer analogues to 
the method of Example 4. MS (nth* 449.1. 451,0, 'HNMRCDiO) © 1.45,1.60 (m, 2H), 2.04 
(a, 3H). 2.70-2.9 (m, 4H), 3.68 (m, 21^.9-4.0 (m, 1H), 730 (m, 4H), 7.4 (m, 2H), 7.80 (d, 
2H). 



10 



E 
be 



4^. I lit* 



pie 10: 4-(Hl- a ^ l -^P-^ dlrox y" 4 ^" i, 
ic add 



idophcnyQbiitylIIiydrasdno}efliyl) 




15 



a 

The title compound was prepared fiom 3-iodophenyi acetic acid in a manner analogue to the 
method of Example 4. MS (m&): 497.0 (M+H), 'HNMRfffeO) 8 1.45-1.60 (m, 2H)l 2-<» (s, 
3H), 2.64-2.9 (m, 4H), 3 .57-3.62 (m, 2H), 3.57-3.61 (m, 1H). 7.07 (m. IH), 7.21-7:24 (to, 
3H), 7.60 (m, 2H), 7.76 (d, 2H). 



2D 
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benzoic add 



i * 




the tittc compaaad'U prepared fc»jii|^loipplienyl noetic acid in a manner analogue to 
tbe method of Example 4. MS C^X 405.1 (M+B), l H NMR <M> 5 1.45^1.60^. 2^. 
2.02 (s. 3H). ^9 (m, 4H), 337-3.62 (m, 2H), 337-3.61 (m, ifi). 7.10 (m, IS), 731- 
730 (id, 5H), 7.76 (d, 2H). 



10. 



acid 




IS 



4 ude compound was* jnepated from cycl^ne^SbiyUc add m a manner anaiogoeto 
the method of fcaunple 4. MS <«,/*): 363.1 (M^ l H*<MR (MeOD) 8 0*5-128 (m, 7^ 

1.45-1.60 (m. 2H), 1 .6-135 (m, 4H), 2.02 (s, 3*0,230-2.9 (m, 4H), 337-3.75 (m, 2H), 730 

(d,2H),7.90(d,2H). 
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l« 13- Prenanti"" of anhapnae&uilealgi^""^^ 
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The fbUov/ing Formnlafion examples illustrate Tepnssentatove f 
according to the present invention being. 



♦ IV- 1 111 



Aceutscal contortions 



FoTmalation 1 -Tablets 
Ahydrazidederivat^^ 



an appxoxitmtc lr2 weight ration. A minor amount of magnesium stearate is added as a 



as 



m 




^3 





compound per tablet} in a tablet press. 



10 
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formulation 2 —Capsules . 
5 A hydrazine derivative of formula 1 is sutaiixed ra&<ty£cwdef with a starch diluent in an 
approximate 1:1 weight ratio. Tlie mixture is filled into 250 mg capsules (125 mg of active 
ammo compound per capsule). 



i < 



Foimularion 3 - Liquid 

ft 

An hydrazide derivative of Formula I (1250 mg), sucrose (1.75 g) and xanlhan gum (4 mg) 
are blended, passed through, a No. 10 mesh U.S. sieve, and then mixed with a previously 
prepared solution of nricrocrystalline cellulose and sodium carboxymeihyl cellulose (11:89, 
50 mg) in water. Sodium benzpate (10 mg), flavor, and color arc diluted with water and 
added with stirring, Sufficient water isiken added to produce a total volume of 5 triL. 

Fommlation 4 — Tablets' ' \ 







« 





anai 



* i •* ■ * * 

1:2 Weight ratio. A minor amount of magnesium stearate is added as a 

i into 450-900 ing tabletei(l50-300 mg of active amino 



lubricant. The mbctuieiis 

conQKwn^inat^etpreij \' 1 " 1 

1 • • s ' 9 ' ' 

» ■ 



20 Formulation S — Injection 

A hydrazide derivative of Formula I is dissolved in a buffered sterile saline injectable 
aqueous medium to a concentration of approximately 5 mgfrriL 



Example 14: Prostaglandin EP2 binding assay 
25 Compounds of the invention were tested in an EP2 receptor binding assay of 

♦ 

following protocol. As referred to herein, the term an "JBP2 receptor binding ass 
designates the following protocol. 

* A mixture containing 20 pg of EP2 receptor membranes, 0.5 mg of wheat g 

• • • 

agglutinin boated FVT-SPA beads, with or without compound of the invention (25 p 
3d well) or 10 pM of cold PGE2 at 1 % DMSO and 20 iiM 3 U-PGE2 in assay buffer containing 
25 mM MBS, 10 mM MgCla, 1 mM EDTA, pH 6.0 are incubated in Corning 3600 plates on 



111)11 



igandKi 



inhibitors 



Exwnplel7below<.'. 1 ' • V" 
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Example 15: EP2 cAMP assay. 

It fa known ifaat PGB2 has a marked effect on cAMP (Cyclic adenosine 
ra0 nopho S pha te ) level* {Coleman et al. 1989). This effect is thought to be achieved via EP2 
and EP4 receptors {Choiing et aL 1998). 

. . • * 

* % • 
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Therefore, the cpnmounos I ,of AiJMtat tested for their ability in "j^** 
cAMP levels in cells over-expn*sing.l$2 (Example 15 below) orEP4(Exr " V " W 

■ 

receptors. 

/ _____ 
Compounds of the invention are tested in a total cAMP assay as follows. HEK293- 

BBNA cells transited with P CEP44 l EP2 receptor* axe seeded in 96 well 
(Costar #3917) at 4x10* cells per well in 100 pi of culture inedmm <D-MBM/F12 
sopplexnented with 10% PBS. 2 nM L-idntanune, and 250 ^ml of hy^omydn; all from 
GibeoBW.) and incubated at 37»C After overnight incubation, me.medinm is reinoved 
from each well and replaced with 45 pi of assay medium consisted of pbenel red free D- 
MBM/F-12. 0.1 % BSA (GibcoBRL) and 0.1 mM 3-isebutyl-l-rnethyl-xanthine (Sigma). 
After 15 minutes of inenhation at 37" C, 16^16-dimethyl PGA4 or compounds at desned 
concenlxatiens in 20 pi of assay medium are added to cells and fur** incubated al 37- C 
Ihouc Total cAMP (intra- and extracellular) is measutedhy using a cAMP-screen ELBA 
System fTtopbc, #CSt000). 



30 



37 



Example 16: JON* btading assay 



11 



i 1 

• 

tested in; 



Compounds of (he u 
following protocol. 

A mixture containing 20 pg of EPA receptor membranes, 0.5 mg of wheat 
agglutinin coated FVT-SPA beads. With ox without compounds of the mventica (25 

9S mM MBS. 10 nM MgCb 



(25 Ml per 
g 





IP 


» % 1 1 


II 



shaker 




plates on the top count using the 'H SPA 4p*2 program. The percentage 
P - . w*i ™ the onb site competition parameter 



andKi 



Graphpad® . pris 
Bxari»lel7betofo. 



i » 
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Example 17: EB4 cAMTassay. 

Compounds of the invention are tested in a total cAMP assay as follows. HEK293- 
EBNA cells transacted with pCEP4*BP4 mceptors am seeded m 
(Cost* #3917) at 4*10< cells per well in 100 pi of cuhnm medmm 
elemented with 10% FBS, 2 nM I^glutannne, and 250 u^ml of hygromycm; all fiom 

. * • w«i at 37«c After overnight incubation, the medium is removed 
GibcoBRL) and incubated at 37°C Atter oven. & . lmlfal D. 

MEM/F-12. U % BSA. (GibcoBRL) and 0., mM Mso^..^-*- ^ 

ltaot TotaV CAMP fta* - .ft**** ii —-by . cAMP-«creen BUSA 
System (Tiopix, #CS1000). 

a 

^ults of the assays of Examples 14 and 16 am set mrthin the fcUowmg Tabic I wherein 
the tested compound is identified by the corresponding synthetic Example number. 
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Table I 



• 

[ Example'.,! 

1 1 

1 ■ Number 1 


b-EP2 1 
. KiOiM) j 


1 2 ' 

■ 


1 . . 32^9 1 


1 4 


. .. 4-45 j 


1 - 7 • 

1 • • • . ; 


| . 431 n 



-EP4 

* 



0.53 
0.045 



o 



IS 



Exai^lei«5..1n,^bvulaubB4ssax:; v ■ • 

Ovulation induction activity of cmnpotmdtfpf *menovemlon may be tested m a 

mature mouse ovulation indiiction modeL 

Mature 10-week-old CD-mice die used. Reagents ate prepared as follows: PMSG 
(pregnant mare serum fipnadotropit,), (Calbiochem, eat #367222) and hOG (Setono) ate 
diluted in PBS. PGE2 (Cayman, Ann Arbor MI) is dissolved in elhanol and diluted with 
0.1S4 M NaHGOZ Buffer (pH 8X>) to final concentration of ethanot of less than 3 percent A 
compound of the invention (based, ow whfcilUy) is pre-dissolved in ethanol, DMSO or other 
agents. The compounds of the invention ate then dunied with saline or other diluente such 

as PBS otUP3S (5%N^i*y^ ****** 
Glycol in sauue);*PMSG sn^^^ovan^ fiillieuW develcmueuL Alter PMSG 
stimulation, the mature foUiculcs can be stimulated to rupture and release oocytes by an 
ovulation trigger, such as hCG or a compound of the invention. 
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The following test protocol is employed for ihe test animals (typically 5 animals per 

t 

test group). 

Day 1: Inject S IU PMSG in 200 pi PBS (Lp: 15:00 PM) 
Day 2i "No administration ' 

Day 3: Injection of ovuUtimvtrigger hCG (hp.) or hCG replacement (PGE2 or compound oE 

3A, i.v. or .oral route), 15:00 PM 



Day 4: Eighteen hours after injections of the ovulation triggers, animals ate sacrificed by 
COi asphyxiation and abdominal cavities ate opened using fine scissors and forceps. Uterus, 



39. 



oviducta ov4* «* coiled and placed m ! pre4abeUd dish* containing phosphate 
buffered saline (PBS). :The collected, tissues are transferred to the laboratory and mtect 
oviduct carefully dissected out from uterus and ovary under tic dissection microscope. Tile 
dissected oviducts are placed on the glass mictoscopic slide and covered with another slide 
Two slides axe taped on two edges. The numbers of ovulated ova in the oviducts an, counted 
using «iprightnn^scopewim4x^ . 



evaluating die oral activity 



V 



1 animals 



experlme 






t. * . 


tl» 





1 1 * • 



hfestedanW^,<^ 

, pre-dlssblyedin cfcauol,X>M§0' or pftwsr reagents. C 
th ^or oieiJ^beiafe sukfe MfBS orNP3S before oral aamxms 

iffiA PEC400/1 5% PBG200/20% Propylene Glycol 



are conducted, the first 
at is conducted in 
indissolubility, 



* 

Compounds of the invention are 












IS 



sub 



to testing in the in vivo ovulation induction 
M as described above in order to assess their ability to induce ovulation vra 
ecus (sc), oral <po) and intravenous (hr) routes of ao^ninisttation. 



n U ! I 4 » 
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Example 19: In vft* inhibition of Gii^e^iPig proncto^nstri. 

The activity oficompounds ofthe inventions dilation pf bmnchiolar muscles, may 

be tested in different models. <^ pig pnhnonar^Me^c in v^rr^dd is gently 
W to test the materials for the hsatinents of asthma in human (Fleisch el aL. 198* 
Compounds of the invention can be tested in this mcd^holn^induced bwnchomusclo 
constriction model as described below. 



female guinea pigs 










anes 









with pentobarbital sodium (50 mg/kg i.p. plus an additional 15 mg/kg Lp. 



VMM 
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required) and t 

prevent spontaneous respiration. Body temperature is maintained at 37° to 38°C 

The trachea is canuulated and die guinea pig is ventilated with a Harvard rodent 
respirator in a closed system. "Hacheal pressure is recorded through a side-arm of the 
cannula connected to a P231D Statham transducer. Respiratory rate is set at 
etroWrnrnule with a stroke volume (ar^mxirnatcly 1 ml/100 g) sufficient to produce a 



• ■ 



r 



• » 



I 
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IS 



^darter,. andheartme(HR) is to i^fe»mch«. d ect M to 

1 ml/kg. 

aB iio^i^i«»^^'« jB*-* «-r" 

^nTnn. W- • compter 

. no raM no !■■*««-*«-• »— " ^ ^ 

re and boart rate aw incas^iiad imniidiately as indicated in Ac material and melJinds 

SeCUOn MfiD (medium effective dose) is mcasarc. A 50 pe^ or #eater <>50%) mhiWfioa 
rf induced brondK^^ re^ve .« v>*kc treated cent*, ammals is cmvddered 

fflgmficant, • . - ■ • ' ...... 

. «. . . : » ^^.vni nr more f>50) inhibitioii of the induced 
mefhacholmc challenge in 3 guinea pigs. A percent or mote inu» 

, ^ , . . „ ^.^ated control animals is considered significant 
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Eanrcp.e M = /. vive Inhibiflen Cl^dnced TNF<* .alease » 

P^g,.^ El ia augg^tad to be a. eadoBcnons mhMtor of .nftonmHto. Itongn the 



of the outer membrane of Gram 



activity. 

Endotoxins are the Hpopolysacchaiidcs (IPS) consi 
negative bacteria. Response to LPS has been shown to involve die activation of different cell 
^ons and to lead to the expression of various mlhmmtatory oytoldncs that mclude 
rr necrosis fector-alpha (TUFv) and interferon gamma (lFN.p). 



hull.. 
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The anti-inflammatory activity of compounds of the invention may be assessed after a LPS 

i * 

challenge using the following protocol: 



to 



fill V.l 



weeks old C3H/HEN mice (DFFA-CREDO, L'arhresle, France) receive an oral 

• • • . 

tv&ih compounds of th? uwenttbn 6 different da?es (0.00 1, 0.01, 0.1, 1 or 3 and 10 
mg/kg m 0.5% CMCfQJS% tween-20). ; Six mice are used by group. Fifteen minutes later, 
endotoxins (01U;B4;$t#ruv 03 mg/kg) acre inirarieritoiiealiy injected. Heparinized whole 
blood is fleeted ^apU^o^ ^^vet ^dejta^ifiied ia plasma Tby ELISA (R&D 
Systems, Ab^dtb^XJ^),. 6mtnil am^Is receive 0.5% CMC/0,25% twccn-20 (10 ml/kg) 
as vehicle. Data obtained from ^erimcnts axe; expressed as the mean ± SEM and analysed 
using one-way analysis of variance (ANOVA) followed by Dunnett's t-test 
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3d 



The activity of the compounds of the invention is expressed as a percentage of inhibition of 

'INF release and the Inhibitory Dose at 50% of the maximum effect (1D$0) is calculated in 

• • • 

mg/kg. 

; : . ■ • 

Example 21: In viva effect on penile corpus cavernosuin tissue relaxation* 

Penile erection is based on three main physiological events: an increase, in the arterial blood 

« - _ * j • *\ • * • ^ • ! i* * 

flow, a relaxatiotoi^pf, Jbe e«p^ve ;tip$ue of ^e^pbrpdiaVxaiycmosa .and the corpus 

spongi»s^^^pbstF«^n Q^th^^buspet^tjy ^ veins 
caused by the expansive tissue. ' 

FGE1 is used in the treatment of erectile dysfunction io relax smooth muscle and therefore to 
promote the development of erection* The administration of PGE1 is performed by local 
injection into the cavernous tissue of the penis. However, PGE1 has a low selectivity for 
prostanoid receptors and has irritant effects. Selective agonists EP2 and/or EP4 have been 
developed for the treatment of erectile dysfunction (WO 9902164) 

The effect of compounds of the invention on the relaxation of penile corpus cavernosa! 
tissue strips may be assayed for example in an assay on human or rabbit tissue as described 
below: 



KII4 











MM 





prosthesis i 



g penile 
ion. In the operating room, 
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biopsies of the corpora cavernosa are immediately placed in chiiled (4*C) physi logic salt 
solution and transported to the laboratory. Tissue strips, measuring appioxiinatelyS mmx^ 
nunx 10 tron, are cut and prepared for organ bath studies. 

^bit tissue procurement. Adult male New Zealand White rabbits " 5 ^*° 
sedated with ketamme (35 mg«cg) and^yladnc (5 mg/kg) and.^uuuuu^d with sodrum 
barbital (60 mgflcg body weight), ^owmg^ar^nahen, thepenis is excrsedland 
eleanedby^vin^ cavernosa* tissue s^ 

are dissected away fem k^ouning tUnick afcuginea and prepared 
studies. ; >Jv^ : 



V". 1 1 



10 



IS 



iV^** **** solutions and dose responses, PGB, (Cayman Chemical 

^ZA^^i^redat-20-Cinsolidtormnntu Stock solutions are 

«^ by adding 1 ml of 70% DMSO to a vial containing 1 mg of PGE,. Con^undsofthe 
faction are dissolved in I ml of 70% D^SO, divided into 100 ul etiquots and stored at - 
20'C until use. For dose responses in organ baths, stock solutions of PGE, and compo^ds 
of the hrvention. are.duuted wilh.70% EMSQ to make the highest concentration and then 
serially drW whh 2% PMSO .for another doses. In a typical dose response curve, the 
eoncentration of I»toO is checked*. 0.1% hi the 25 ml bath and to not 
exceed 0.5% at the. highest dose. : 



20 



Mllr'.ll 



Organ bath 

support with silk ties and attached * 
Aatto-Med, Inc. West Warwick, RTj 

♦ 



tint 



IMIH 



Mt* 



2$ 



30 



oairabbjtiicavernbk.tissue strips are mounted onto aft 

iiper (model FTff 
il wire. After mc 
Jdon (PSS; 118.3 mMNaCI, 
KCU 0.6 mM MgS0 4 , 1 * mM KH1PO4, 25 mM Cad. 25 mM NaHOO,, 0.026 mM 
CaNazEDTA, ll.l mM glucose). The solution is gassed with 95% air / 5% CO, to attam a 
pH of 7.4 and the temperate is tnainudn«l al 37°C. All tissue strips are treated wvth 3 pM 
inoemetiiacin to inhibit endogenous prostanoid production and rrimimtee spontaneous 
contmeffle activity. The corpus cavernosum tissue is stretched mcrementally and the optimal 
resting isometric tendon for contraction is clstenrnned. After every 3 - 4 stretches (1 g 

contracted with I uM phenylephrine. Wheti the amplitude of 
phenylephrine-mdueed contraction is within 10% of the previous contraction, mat 
ion is considered optimal for isometric contraction. All tissue strips are extensively 
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ad,,. «»»> te. «W(* » «> i»=n»3m B co^aom.o- rf POB, or 

compounds of the invention. •• 
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,6 plotted cuwss. ^ECjo ^.^calculate 
Diegp, CAV For final analysis of data, irelaxadon parameters are compared using ANOV^ 
If the ANOVA p^valiifi is less than 0.05, paired post-test comparisons is carried out using the 

■ 

Tukey-Kiamcr test 



Example 22-. In vfw effect on bone loss prevention. ^ , _ _ 

m«dvny of confounds of the toentibn as a bono anabolic agent can be tested Icr 

example in a tat ovariectomy model such as follows. 

Vi^^Spta^DawleyratsKatg ^ri^o^i^^aA^h^^ 
^^^^^r^^^ * appmrimately me same average 

body weight for cyeiy treatment, group. 

Surgery*. ; . . „ fcn p qt. AKPOO"A The hair on the dorsal 

Amtnals am sedated vnmKet^ 

^dominal surD.ce is shaved and nrepped for aseptic surgery. A single incision is made 

the midline, storting Just anterior ^ *i ^ * 

xnu^ulaiure onboth sides of the dorso-laterni region of the abdomen is exposed, 
is made through the musculature to gain access to the abdominal cavity. 
For a gmup of animate C<)vx^ the ovary isloc^ 

hom and removed The uterus is o^^totP-^-^^^^ 

lateral side. , - 

For a cor^l groop of »imab OW). «* ov^s a~ l~»<cd - cx^tated, «* 



30 The muscle layers are closed with suture 
Dosing 

. Dosing is commenced one day after the surgery is pe 



and the skm incision closedusing wound cups. 



£ The animals receive daily 



leous injections for 6 weehs following surgery 



. The doses of 0.1. 1.0, 10.0 me/kg of 
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cotnDOunds of ftie invention ate used. A control group receives daily subcutaneous injections 
of npestradi. l<Siema Chemicals) of 30 iigftg for 6 weeks fpUowmg surgery. Control 
groups of anu^Xf^Ml^" BW>up €Ui4 ; an *Owt % group) are infected s.c vehicle (saline). 



« • 



To enable the performance of dynamic ' ftiitfniriorp 

Lp.) are given 6 and 2 days prior to the necropsy. 



try, two infections of oalccin (10 



Body Weights and Clinical Observations 
10 Body weights ate recorded weekly, beginning one week prior to the commencement of 
treatment and continuing until the. conclusion of the treatment period In addition, the rats are 
observed daily for signs of ill health or reaction to treatment. 



IS 



Blood and Urine Biochemistry 

An eiriht^«ftt-ho w uitob specimen <Ls qolloctea fippro each animal ipdof to the sacrifice using 
io pa^r^i^acrific^:blood samples are collected from each rat, under inhalation 



ll[*!Klt 



and serum. V * 



Minimi* 



20 Parameter Method. 

Urinary deoxypyridmoline is measured by Immuno-assay (Pyrilinka-D Qiridel, ML 
Vicw,CA); Urinary creatinine is measured by COB AS chemistry instrument (Creatinine 
Reagent Roche Diagnostics, India 
assay (Rat OSU IRMA, Immunotopics San Oemente, CA) 

» 

Necropsy: 

Upon completionaf dosing and urine/blood collection, animals are euthanized using carbon 
. dioxide asphyxiation. 

p ■ 

All animals are subjected to die following procedure. Terminal, body weights are recorded. A 
30 gross examination is performed and a check for ^nomialitiesisperfonnt^Th^ 
investigation arc performed, as detailed: 



■ .r«rh-rs\ * — ~, <ka DAHR ImaQfi nataWnftfit OH 06/15/2004 



i1* 
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Bone Mineral t)oud^ Scons: . _ 

L2-L4 ltimbnr vertebrae is subjected to DXA (Dual-energy X 



lb 



is 



a PDOmus instrument (Unas Corp. Njfcdispn. WoW" 8161 and deDSlty 

arc detexmm* W foe*™. eea^/Bone » caOTIcmenls * DXA " 

AssM^mFornticaetaLlMS. ' 

Right femur is subject to pQCT (peripheral quantitative confuted tocography) scannsmga 
Strutee XCT feM and associated software (Stmtec Medizinlechnik Gmbh. Pforzheim, 
G^mury. Software version 5.40 C), Hie femur is scanned at two sites. 20% of foe distal 
femur and 50% of foeimd-f^Thenosition ^verified using seont views and scan results 
fiom one 0.5 nun slice perpendicplar lo.foe long axis of the. femur shaft is recorded. Total 
bone nfonmd oomei tetel^n^ ptf density, trabecular bone inineral 

content. *att*uj«t boneW and^^nfemmeral density are analyzed from foe scan 
of foe distal fennt. 3gexfoe««dsbaft fenu«r,"totaIbOhe nforeral content, total bone area, total 
bone mineral density^rtiealbono ndne^ ********** area, corticalboo 
density, pen^steal.per^^^ 

Bone mineral density foeaWnrents ate deseribed in Fonniea et aU 1998 end in 

• Tsugeao 2002- 



111 Hi 
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* 

Biomechanics Testing of Lnmbar Vertebrae and Femurs: 

L5 Lnmbar vertebra is isolated from L5-L6 and prepared for mechanical u^byremovmg. 
foe vertebral arch and pedicle using a low-speed diamond saw. The cranial and caudal ends 
of each vertebral body are also removed to produce a vertebral hody specimen with two 
parallel surfaces arid a height of approximately 4 mm. Ihe width of foe vertebral body in the 
fluOfrlatend ahd anterior-posterior directions is measured using electronic digital cahpers 
These values are tecorded and used in foe calculation of cross-sectiomd area. The beightoi 
the vertebral body specimen is also taken with an electronic caliper and «eorded. The 
specimens are then placed between two platens and load applied at a displacement rate of 6 
Wroin w ta failure in aalnstxon Mechanical Testing Instrument (Insfcon 4465, retmfittec 

to 5500). * *t t 

The load and displacement are recorded by Instron Instrument Software (Medin n. 1 

and foe locations for maximum load at fhitaie, suffoess and energy absorbed are selected 
.. , _ ^, Hi^i^rW curve. The intrinsic properties, stress, elastic 



iiiii 



modulus and toughness, are men c^ou^:!^,?^ • — : — 

cross^onal afon&jgto the Riming equations: 
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femoral 

pQCT scan, me 8 
is taken wih an electronic caliper and recorded. Femur is then plao 
of a three point bending fixture with anterior side feeing downward 
Testing Instrument (Instron 4465. retrofitted to 5500). The span between the two lower 
^orts is set at 14 mm- The upper loading device aligned to the center of the femoral shaft. 
TTldisappuedatacon^ 

locations of maximal load, stiflhess and energy absorbed are selected manually and values 
calculated by tostr^nent's. software Merlin Hi Instron). The intrinsic property stress, 
clastic mc4tfns;^/*^ ^ 

abscri^antcriojr^ ■. , . . . 

After the three pp^ding test,* 3-^scgment of the distal foroor^bysrs » cut 
dhcedy proximal to the femoral condyle with : a tow-soeed diamond saw. The load ts appbed 
^ a cylindrioal indenter (with a flat ting (ace of 1 .6 mm diameter (d)) to me center of 

narrow cavity On the distal iacc of the segment The indenter is allowed to penetrate me 

cavity at a constant displacement rate of.6 rrrrnmrhx to a depth of 2 mmbefore load reversal. 
. The locations of rnaximurrx load, stiffness and energy absorbed is selected manriaUy fiom 

load displacement curve and then calculated by the ir*«rume«rs software (Berlin li. 

Instron). Stress is calculated by dividing the maximum loadby the mdenler area. 
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Bone Histology and Dynamic Histomarphometry: 
Denydration, embedding and sectioning 

Pormalin-fixed samples of proximal tibia are dehydrated in a series of ascending cthaao 
concentratior, Following dehydration, bone samples are mmtrated and embedded injnemyl 
TOBfll acrylato*asCd plastic, Ifcnbeddcd samples of me proximal tibra oresecW 
iongrtudinaUy using a Lei* motorized rotary microtome eorripped with a tur^n^arbrde 
microtome knife Once the blocks are trimmed, 4pm sections are stained with Goldner a 
triChrome stain for microscopy. The Sum sections are left untamed for 
microscopy* 





m . mm 


r 


u 1 





.1 



and dynamic hiBtomoiplioiiietjy .flf the 
les the secondary spongfasa (area that 



The measurement 



0 



15 



plate). 

Bone histomotpWtty is performed using an OstcoMcasure software program 
(OsteoMetrics, Inc. Atlanta, OA) **M vri* a Nllcnn Eclipse E400 H^emflunr^ 
microscope and video subsystem- Hi^morpnpmetry is read in a bonded 
feue ^ trabecular hone area, tmpecular boa* perimeter, and oateoclast perm*ter ia 
meB3U red on 4 urn thick Goldner's tricfamme stained sections. Percent trabecular bone area, 
t^ecularnu^ber, Secular u^W^eeula^ separation and osteoclast perimeter as a 
percentage ofoone^^ are ikek VMculafed according ; to sttndaidi»d formulae. For 
tr^^'^^'^ cafcemperimeter and 
ioterlabel width 0 abel thickness) is measured on 8 um thick unstained secdon^and the 
^eralizing surface, mineral apposition rate, bone formation rate-surface referent is 
calculated. 
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Results are analyzCdusing analysis of variance (group) usiag SAS software (S AS lusntute, 

Cory,NC). Group comparison is performed using Dunnctt's procedure using «Ov^+ 

vehicle group as reference greup. All results are expressed as mean +/- SD. 

The invention has been described in detail «i reference to preferred embodiments thereof- 

However, it wftl be appreciated that those skilled in the art, upon consideration of tins 

disclosure, may make modifications and improvements v/ithin me spurt and scope ot me 

invention 
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Claims • 



1. AlJyd^dfeider. 



.. is 



ive of Fpmflila 0$: 



« » 



1 '*!•**» . • 1 Its • 




0) 



•I 



***** 



to 



M W as y ^abstttoSl isomers, its opn^ — 

di^xnm and. ***** of ft*, as ^ ^^'^'^ar^ 
selectedfrom Cs^s^lo^ l*^***<* ^*-T* 

i>* i* selected from Ci-C* alKyi, r^rr 1 * 



.is 



C« alkyl, aiyl and heteroaiyl; , 
n is an integer selected from 1. 2. 3, 4, 5 and 6. 



2. 



3. 



hydrazide derivative of claim ! ■wherein A is selected from aiyl and heteroaryl. 



20 5. 



A hydraade derivative according to any of the preceding claims ■« 
AHydrtride derivative acc.otdingto any of ^preceding claims, 
A hydride derivative accoxding to any of the preceding claims 



6 . Anydrazide derivative according to any of m preceding claims 

[and Diethyl 



• * 



. • :' . , • SO ' * 
A hydjai^ed^varive according to any of the preceding.clain 

i ♦ * f 

Ahydraafoa^rding to any of WF«cfiid^*l 



tfisH. 



9. AKydti^dei^^ 

» -*™,i«.«t. w* andR* am Hii&?'ls selected from H and methyl; and n is 2. 



hythaTide derivative according to any of the precedii 
L Ct-Gs aJkyl and Cj-Qcycloalkyl 



io 



Ahydrazide derivative according to any of the preceding claims vtardn R? is aryl Ci- 

C»alfcyL ^ . : 

A hydxHzide dlri^e the preceding clam* selected from the 

following 



'jfr 



t • 



iylV34iydroxyhiiiyi3hydra2a 



.«5 I r/.V 



t 1 



{V4Cctyl-2-[4<UMi^ hydrazine). 



K l^elyi-2^34iydxoxy^^ butyl}hydiazi, 

id; 



iyQphenyl]butyl}-t-i 



opionylhydrazaiio) 



4-J><2- {3-liydioxy^3-(trifliM)roi 
ethyI]benzoic add; 

40 dfcyljbfcntfoic acid; 

4-PKl-acelyl-2^hyd^^ 

AW+*&A&*W 8Cid OT * 

laceuticaEy acceptable salt fany f said compounds. 



13. 



e derivative selected from the following group: 



-hydroxy octyl)hydrazuio] 

L •• ill 



r A 



-hydroxy oc^^l^ylhydr^olethyl} 



4-{241-w^-2<3-bydroky 
acceptableWt of ^y Of said compound 

.r :>;•. 

14. A hydraaade dim 



loje&yj/benzofc addj or a ] 

• * : • . • » 

any of *fc preceding clain 



t lit: ii 1 1 



laceudcally 



medicament : 

A method for treating a disease or 

suffering from or gusceptibl 



15. 



associated with prosta g lan dins , 



I nil 



1 1 < • < 



■ 

disorder an effective amount of a c 









till 
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IS 



16. , A me&od for treating a mainmal is suffering from or susceptible to pre-term labor, 
dysmenorrhea, asfcma, hypertension, undestred blood clotting, pre-elaropsia, eclampsia, an 

eosinophil tf^kr, "^dashed ^5Wfj ^ fT** 

dry eye; *#^'2&l toUtf agastric ulcer, fertility disorders, sexual 

dysfuhetioo and inflananator^ disoxdeis coning - -Aririi^g *• 811 
effective amb^teofia/co^^ ■Wfcfc»*'*««M*- 1 ; ' 

ial is suffering fiom or 
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17. A method according to claims IS or 16 wnerem n 
susceptible undesired muscle contraction* 

18. A method according to claim 17 wherein the 
susceptible to pre-term labor. 

20 19. A method according to claims 15 or 16 whwein die mammal is suffering fiom or 

• 

susceptible to asthma* 

20. A method of cl^ 
hypertension. , 

21. A method of claims IS or : 16 sketch, the mamrnal is suffering fiom or susceptible to 

: 

25 bone loss. 



22. A method fjilaimk 15 6i$6 whgrein the mammal is suffering fiom or susceptibl 
ovulatory dkoid^.v M" * i 

23. A ti^tatotttftainps 15 otf l^wfcertiii tiie mammal is sttfffirmg from or su 
erectile lly^functipttin^ ^ ■ * :i W i»M.v : l V* 
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preparation of a 




Use of a compound of any one of claims 1 through 13 for the preparation of a 



medicament to treat a disorder or a disease, selected fiom preterm labor, dysmenorrhea, 
asthma, hypertension, undcsircd blood clotting, prcelampsin, eclampsia, an eosinophil 

« 

disorder, uftdesired bone loss, renal dysfunction, an immune deficiency disorder, dry eye, 
ichthyosis, elevated fatraoeular pfctesurp, gastric ulcers, fertility disorders, sexual dysfunction 



inflammatory dikordersi 
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pharmaceutical composition com 
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tceutically acceptable carrier and 



one or more compounds of any <sne of claimgj I through £3. 

* *• . pi .i i 

27* A pharmaceutical icomposiUoii of claim 1 26 wherein tfife compound is packaged 
together with instructions for of i$e compound to treat a disorder or a disease selected 
fiom preterm labor, dysmenorrhea, asthma, hypertension, undesired blood clotting, a 
destructive bone disease or disorder, preeclampsia or eclampsia, an eosinophil disorder, 
renal dysfunction an immune deficiency disorder, dry eye, ichthyosis, elevated intraocular 
pressure and gastric ulcers. 

29. A process for die preparation of a hydrazide derivative according to any of claims I 
to 13, comprising me step of a reductive animation of a hydr&ride of Formula It with a 



compound of Formula TIT in presence of a. reducing agent: 
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-wherein. A, B, R l , R a » R 3 andR 5 ate as defined above; R 4 is H. 
10 ^V****^*^*^* 1 ^*^ 




. ; -.or 

« 

(W) 

B,k^R 3 ^* S Wf* deWabovejR feB- 
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, i a nmcess according to claims ?8 * 30.:«ier comprising step of sapenufieauon 

» L F "°— „ SSLfa' R is not H into a compound of Formula I 

of the resulting compound of Formula I wherem R isnoittimo 

wherein R? is H. 



32. A process accaidiiig to 



to 31 wherein A is phenyl. 
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ound of Formula H: 
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O-R 2 
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above. 



34. A compound of Formula IV: 




as *ett as its geometrical isomers, its optically active forms as enantiomets, 

anu nuxturea of these, as well as salts thereof, herein A> R\ * and K? are as defined 

above. 
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i_ A^ativss r Formula I notably Sat use as 

The present invention relates to hydraade derivatives ironnum 
Thepresem as well as to phannaceuticfll formulations containing 

rtfcartviAeeitfically active compounds, as wcu as u> vua ^^~ 

pteelampsia, eclampsia, an eosinophil oisoraer.wuw ^ ^ 

iramune deficiency disorder, ichthyosis, elevated intraocular, pressure, 
dysfunction, gastric ulcers andirfiararnatory disorders. 
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